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(54) ZOOM LENS 

(57)Abstract: E 
PROBLEM TO BE SOLVED: To obtain a zoom lens 
which has high performance and is small-sized and 
inexpensive by equipping a 1 st lens group with a positive 
lens most on the object side and composing a 2nd lens 
group of three lenses. 

SOLUTION: The 1st lens group Gr1 having negative 
power is composed of a biconvex positive lens, a 
negative meniscus lens which is concave to the image 
side, a biconcave negative lens, and a positive meniscus 
lens which is convex to the object side in order from the 
object side. The 2nd lens group Gr2 having positive 
power is composed of a biconvex positive lens, a 
biconcave lens (whose surfaces are both aspherical), and 
a biconvex positive lens. Preferably, 
0.1<&verbar;FF/F1&verbar;<0.6 holds. Here, FF is the 
focal length of the 1st lens group and F1 is the focal 
length of the positive lens most on the object side in the 
1 st lens group. Thus, the positive lens is arranged most 
on the object side of the 1 st lens group Gr1 to 
excellently correct distortion, specially, the distortion on the short-focal-length side. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the small and cheap 

zoom lens suitable for especially the digital still camera about a zoom lens. 

[0002] 

[Description of the Prior Art] In recent years, the digital still camera which can incorporate a 
picture easily is spreading with the spread of personal computers. With the spread of such digital 
still cameras, the cheaper digital still camera is called for and much more cost cut is requested 
also from photography optical system. On the other hand, the number of pixels of an optoelectric 
transducer is increasing every year, and photography optical system is asked for the more highly 
efficient thing. Therefore, it is necessary to meet a conflicting requirement called a cost cut and 
highly-efficient-izing. To the above requests, it is compact as indicated by J P, 10-28241 6, A etc., 
and many zoom lenses for using for the camera which has CCD (Charge Coupled Device) are 
proposed. 
[0003] 

[Problem(s) to be Solved by the Invention] However, with the zoom lens indicated by the above- 
mentioned official report, since the big aspheric lens of a path is used for the 1st lens group, it is 
a cost rise as a result. 

[0004] this invention is made in view of such a situation, and it aims at offering a highly efficient, 

small, and cheap zoom lens. 

[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the zoom lens 
of the 1st invention The 1st lens group which has negative power in order from a body side, and 
the 2nd lens group which has positive power, ** — it has, even if few, and it is the zoom lens 
which performs variable power by changing the interval of the aforementioned 1st lens group and 
the aforementioned 2nd lens group, the aforementioned 1 st lens group has a positive lens in a 
body side most, and it is characterized by the aforementioned 2nd lens group consisting of three 
lenses 

[0006] The zoom lens of the 2nd invention is characterized by satisfying the following conditional 
expression (1) further in the composition of invention of the above 1st. 

0.1<|FF/F1|<0.6 — the inside of (1) however the focal distance of the FF:1st lens group, and the 
F1:1st lens group — most — the focal distance of the positive lens by the side of a body — it 
comes out 

[0007] The zoom lens of the 3rd invention is characterized by the aforementioned 1st lens group 
consisting of a positive lens, a negative lens, and a positive lens sequentially from a body side in 
the composition of invention of the above 1 st. 

[0008] The zoom lens of the 4th invention is characterized by the aforementioned 1st lens group 
consisting of a positive lens, a negative lens, a negative lens, and a positive lens sequentially 
from a body side in the composition of invention of the above 1 st. 

[0009] The zoom lens of the 5th invention is characterized by the aforementioned 1st lens group 
consisting only of a spherical lens in the composition of invention of the above 1st. 
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[0010] The zoom lens of the 6th invention is characterized by satisfying the following conditional 
expression (2) further in the composition of invention of the above 1 st 

0.2<|FW/FF|<0.8 — (2) however the focal distance of the whole system in FWiwide angle edge, 
and the focal distance of the FF:1st lens group — it comes out 

[001 1] The zoom lens of the 7th invention is characterized by the aforementioned 2nd lens 
group consisting of a positive lens, a negative lens, and a positive lens sequentially from a body 
side in the composition of invention of the above 1 st. 

[0012] The zoom lens of invention of the octavus is characterized by satisfying the following 
conditional expression (3) further in the composition of invention of the above 7th. 
0.5<|FR/FN|<1.5 — (3) 

however, the focal distance of the FR:2nd lens group and the focal distance of the negative lens 
in the FN:2nd lens group — it comes out 

[0013] The zoom lens of the 9th invention is characterized by being 2 group zoom lens which 
consists only of the aforementioned 1 st lens group and the aforementioned 2nd lens group in the 
composition of invention of the above 1 st. 

[0014] The zoom lens of the 10th invention is characterized by being 3 group zoom lens further 
equipped with the 3rd lens group which has positive power in the image side of the 
aforementioned 2nd lens group in the composition of invention of the above 1 st. 
[0015] The zoom lens of the 1 1th invention is characterized by satisfying the following 
conditional expression (4) further in the composition of invention of the above 10th. 
0.0KFW/FCX0.61 — (4) however the focal distance of the whole system in FWrwide angle edge, 
and the focal distance of the FC:3rd lens group — it comes out 
[0016] 

[Embodiments of the Invention] Hereafter, the zoom lens which carried out this invention is 
explained, referring to a drawing. Draw ing 1 - d rawing 6 are the lens block diagrams 
corresponding to the zoom lens of the gestalt of the 1 st - the 6th operation, respectively, and 
show lens arrangement in a wide angle edge [W]. The arrow mj (2 j= 1 , 3) in each lens block 
diagram shows typically movement of the j-th lens group (Gri) in zooming from a wide angle edge 
[W] to a tele edge [T], respectively. Moreover, among each lens block diagram, the field where ri 
(i= 1, 2 and 3, ...) was attached is counted from a body side, and is the i-th field, and the field 
where * mark was given to ri is the aspheric surface. The axial upper surface interval to which di 
(i= 1, 2 and 3, ...) was given is an adjustable interval which counts from a body side and changes 
in zooming among the i-th axial upper surface intervals. 

[0017] Each gestalt of each operation is a zoom lens suitable for the digital still camera which 
equips order with the 1 st lens group (Gr1 ) which has negative power, and the 2nd lens group 
(Gr2) which has positive power at least from a body side, and performs variable power by 
changing the interval of the 1st lens group (Gr1) and the 2nd lens group (Gr2). Moreover, the 1st 
lens group (Gr1), it is 2 group zoom lens which reaches and consists only of the 2nd lens group 
(Gr2), and the gestalt of the 1 st - the 4th operation is 3 group zoom lens with which the gestalt 
of the 5th and the 6th operation equipped further the image side of the 2nd lens group (Gr2) with 
the 3rd lens group (Gr3) which has positive power. Also in the gestalt of which operation, 
between the 1st lens group (Gr1) and the 2nd lens group (Gr2), drawing (SP) which carries out 
zoom movement with the 2nd lens group (Gr2) is arranged, and the low pass filter (LPF) is 
arranged most at the image side. 

[0018] « — gestalt ( drawing 1 , positive/negative ****-positive/negative positive)» of the 1st 
operation — in the gestalt of the 1 st operation, each lens group is constituted as follows 
sequentially from the body side with the positive meniscus lens of a convex, the 1st lens group 
(Gr1) comes out, and is constituted at the negative meniscus lens of concave, the negative lens 
of both concaves, and the body side at the positive lens of both convexes, and the image side 
the 2nd lens group (Gr2) comes out with the positive lens of both convexes, the negative lens 
(both sides are the aspheric surface) of both concaves, and the positive lens of both convexes, 
and is constituted 

[0019] « — gestalt ( drawing 2 , positive/negative ****-positive/negative positive)» of the 
2nd operation — in the gestalt of the 2nd operation, each lens group is constituted as follows 
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sequentially from the body side with the positive meniscus lens of a convex, the 1st lens group 
(Gr1) comes out, and is constituted at the negative meniscus lens of concave, the negative lens 
of both concaves, and the body side at the positive lens of both convexes, and the image side 
with the negative meniscus lens (both sides are the aspheric surface) of concave, and the 
positive lens of both convexes, the 2nd lens group (Gr2) comes out, and is constituted at the 
positive lens of both convexes, and the image side 

[0020] « — the 3rd and gestalt ( draw ing 3 , drawing 4 ; positive/negative positive- 
positive/negative positive)» of the 4th operation — in the gestalt of the 3rd and the 4th 
operation, each lens group is constituted as follows sequentially from the body side with the 
positive meniscus lens of a convex, the 1st lens group (Gr1) comes out, and is constituted at the 
positive meniscus lens of a convex, the negative lens of both concaves, and the body side at the 
image side the 2nd lens group (Gr2) comes out with the positive lens of both convexes, the 
negative lens (both sides are the aspheric surface) of both concaves, and the positive lens of 
both convexes, and is constituted 

[0021] « — gestalt ( drawin g 5 , positive/negative ****-positive/negative positive-positive)» 
of the 5th operation — in the gestalt of the 5th operation, each lens group is constituted as 
follows sequentially from the body side with the positive meniscus lens of a convex, the 1 st lens 
group (Gr1) comes out, and is constituted at the negative meniscus lens of concave, the 
negative lens of both concaves, and the body side at the positive lens of both convexes, and the 
image side with the negative meniscus lens (both sides are the aspheric surface) of concave, and 
the positive lens of both convexes, the 2nd lens group (Gr2) comes out, and is constituted at the 
positive lens of both convexes, and the image side The 3rd lens group (Gr3) consists of positive 
meniscus lenses of a convex at the image side. 

[0022] « — gestalt ( draw ing 6 , positive/negative positive-positive/negative positive-positive) 
» of the 6th operation — in the gestalt of the 6th operation, each lens group is constituted as 
follows sequentially from the body side with the positive meniscus lens of a convex, the 1st lens 
group (Gr1 ) comes out, and is constituted at the positive meniscus lens of a convex, the 
negative lens of both concaves, and the body side at the image side with the positive meniscus 
lens of a convex, the 2nd lens group (Gr2) comes out, and is constituted at the negative 
meniscus lens (both sides are the aspheric surface) of concave, and the body side at the 
positive lens of both convexes, and the image side The 3rd lens group (Gr3) consists of positive 
lenses of both convexes. 

[0023] As mentioned above, the 1st lens group (Gr1) has the positive lens for any gestalt of 
operation in the body side most, and the 2nd lens group (Gr2) consists of three lenses, thus, the 
zoom lens which equipped the body side with the 1st lens group (Gr1) which has negative power, 
and the 2nd lens group (Gr2) which has positive power at least most — setting — the thing of 
the 1st lens group (Gr1) for which a positive lens is most arranged to a body side — distortion 
aberration, especially the distortion aberration by the side of a short focal distance — good — 
an amendment — things become possible arranging a positive lens especially — the ** of the 
1st lens group (Gr1) which does not arrange the aspheric surface to a body side most — the 
distortion aberration by the side of a short focal distance — an amendment — without degrading 
the optical-character ability of the 1 st lens group (Gr1 ), since things become possible, use of an 
expensive aspheric lens can be cut down and it is very effective in the cost cut of optical 
system 

[0024] Furthermore, since it becomes possible to constitute the 2nd lens group (Gr2) compactly 
and lightweight by constituting the 2nd lens group (Gr2) from three lenses, in the case of the 
zoom lens with which the 1st lens group (Gr1) has negative power, on the occasion of zooming, 
the burden of the drive system of the 2nd lens group with large movement magnitude (Gr2) can 
be mitigated, and it is effective in the cost cut of an optical unit. And it becomes possible by 
constituting the 2nd lens group (Gr2) from three positive/negative positive lenses to make 
astigmatic change small over all zoom regions. Furthermore, when performing a good aberration 
amendment, it is desirable to prepare the aspheric surface in the negative lens in the 2nd lens 
group (Gr2). 

[0025] By constituting the 1st lens group (Grl) from a body side with three positive/negative 
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positive lenses in order, the big effect which rectifies distortion aberration and comatic 
aberration with sufficient balance can be acquired. Furthermore, it becomes possible by 
constituting the 1st lens group (GrD from four lenses of positive/negative **** sequentially 
from a body side to aim at balance of an amendment with distortion aberration and comatic 
aberration still better from the case of positive/negative positive three-sheet composition. 
However, any of 3 or 4-sheet composition naturally, since the direction of four-sheet 
composition increases lens number of sheets, it adopts as composition of the 1 st lens group 
(Gr1) should just choose suitably in view of the performance factor demanded of optical system, 
and the factor of cost or a space. 

[0026] By constituting the 1st lens group (Gr1) only from a spherical lens, a large cost cut is 
attained as compared with the optical system which uses the aspheric lens. When the 1 st lens 
group (Gr1) tends to realize a bright lens system especially in the zoom lens system which has 
negative power, it is in the inclination for the effective diameter of the 1st lens group (Gr1) to 
become large. When using a lens with a big effective diameter as an aspheric lens, a great cost 
rise cannot be avoided in a glass aspheric lens. Moreover, when an aspheric lens is made into a 
plastic lens, the focal distance change to environmental temperature is large, and the 
dissatisfaction is large in recent years in respect of the reliability as optical system of the digital 
still camera with which high definition-ization is called for. Therefore, since it becomes 
unnecessary to use an expensive glass aspheric lens by constituting the 1st lens group (Gr1) 
only from a spherical lens, a large cost cut is attained. 

[0027] By making a zoom lens into 2 component zoom of ****, the composition of a camera 
cone, especially the move composition of zoom become easy, and lead to the cost cut of the 
whole optical unit. Moreover, since it becomes possible by making a zoom lens into 3 component 
zoom of ****** to secure tele cent rucksack nature more to an image side as compared with 
the case of 2 component zoom of ****, it becomes advantageous to the illuminance reservation 
for a periphery at the time of using the solid state image pickup device of a raise in a pixel which 
has a micro lens. 

[0028] « — desirable condition» — next, the conditional expression which the zoom lens of 
the gestalt of each operation should satisfy is explained In addition, if the gestalt of each 
operation needs to fill simultaneously no conditional expression shown below and satisfies each 
conditional expression independently, respectively, it is possible to attain the operation effect of 
corresponding. Of course, it cannot be overemphasized that it is more more desirable from 
viewpoints, such as optical-character ability, a miniaturization, and assembly, to satisfy two or 
more conditional expression. 

[0029] It is desirable to satisfy the following conditional expression (1). 

0.1<|FF/F1 1<0.6 — the inside of (1) however the focal distance of the FF:1st lens group (Gr1), 
and the F1:1st lens group (Gr1) — most — the focal distance of the positive lens by the side of 
a body — it comes out 

[0030] Conditional expression (1) has specified the condition range for making distortion 
aberration and comatic aberration mainly balance. If the minimum of conditional expression (1) is 
exceeded, negative distortion aberration will become large. On the contrary, if the upper limit of 
conditional expression (1) is exceeded, comatic aberration will get worse and the bad influence to 
astigmatism will become large. 

[0031] It is desirable to satisfy the following conditional expression (2). 

0.2<|FW/FF|<0.8 — (2) however the focal distance of the whole system in FW:wide angle edge 
[W], and the focal distance of the FF:1st lens group (Gr1) — it comes out 

[0032]- Conditional expression (2) has specified the condition range for keeping suitable the size 
of an aberration amendment and optical system. Although it will become advantageous to an 
aberration amendment since the power of the 1st lens group (Gr1) becomes weak too much if 
the minimum of conditional expression (2) is exceeded, increase of an overall length and increase 
of front **** will be caused. On the contrary, although it will become advantageous to overall- 
length shortening since the power of the 1st lens group (Gr1) becomes strong too much if the 
upper limit of conditional expression (2) is exceeded, **** of the image surface by the side of 
excess becomes remarkable. 
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[0033] It is desirable to satisfy the following conditional expression (3). 

0.5<|FR/FN|<1.5 — (3) however the focal distance of the FR:2nd lens group (Gr2), and the focal 
distance of the negative lens in the FN:2nd lens group (Gr2) — it comes out 
[0034] Conditional expression (3) has specified the condition range for making comatic aberration 
mainly balance. If the minimum of conditional expression (3) is exceeded, comatic aberration will 
get worse and the bad influence to the high order chromatic aberration of magnification will 
become large. On the contrary, if the upper limit of conditional expression (3) is exceeded, 
comatic aberration will get worse and the bad influence to astigmatism will become large. 
[0035] It is desirable to satisfy the following conditional expression (4). 
0.0KFW/FCX0.61 —(4) 

however, the focal distance of the whole system in FW:wide angle edge [W] and the focal 
distance of the FC:3rd lens group (Gr3) — it comes out 

[0036] Conditional expression (4) has specified the condition range for keeping suitable the size 
of an aberration amendment and optical system. Although it will become advantageous to an 
aberration amendment since the power of the 3rd lens group (Gr3) becomes weak too much if 
the minimum of conditional expression (4) is exceeded, increase of an overall length and increase 
of front **** will be caused. On the contrary, although it will become advantageous to overall- 
length shortening since the power of the 3rd lens group (Gr3) becomes strong too much if the 
upper limit of conditional expression (4) is exceeded, **** of the image surface by the side of 
excess becomes remarkable. 

[0037] It is desirable to satisfy the following conditional expression (5). 

- 0.6<(r1A+r1B)/(r1A-r1B) <2.0 — the inside of (5), however the r1 A:1st lens group (Gr1) — 
most — the inside of the radius of curvature of the body side of the positive lens by the side of 
a body, and the r1B:1st lens group (Gr1) — most — the radius of curvature of the image side of 
the positive lens by the side of a body — it comes out 

[0038] Conditional expression (5) has specified the condition range for making distortion 
aberration and comatic aberration mainly balance. If the minimum of conditional expression (5) is 
exceeded, negative distortion aberration will become large. On the contrary, if the upper limit of 
conditional expression (5) is exceeded, comatic aberration will get worse and the bad influence to 
astigmatism will become large. 

[0039] It is desirable to satisfy the following conditional expression (6). 

0.2<|FF/FP|<1.0 — the inside of (6) however the focal distance of the FF:1st lens group (Gr1), 
and the FP:1st lens group (Gr1) — most — the focal distance of the positive lens by the side of 
an image — it comes out 

[0040] Conditional expression (6) has specified the condition range for making comatic aberration 
mainly balance. If the minimum of conditional expression (6) is exceeded, comatic aberration will 
get worse and the bad influence to the high order chromatic aberration of magnification will 
become large. On the contrary, if the upper limit of conditional expression (6) is exceeded, 
comatic aberration will get worse and the bad influence to astigmatism will become large. 
[0041] It is desirable to satisfy the following conditional expression (7). 

0.5<TR/FW<2.0 — (7), however the TR:2nd lens group (Gr2) — most — from the body side — 
most — the distance to the image side, and the focal distance of the whole system in FW:wide 
angle edge [W] — it comes out 

[0042] Conditional expression (7) has specified the condition range for keeping suitable the size 
of an aberration amendment and optical system. Although it will become advantageous to 
overall-length shortening since the power of the 2nd lens group (Gr2) becomes strong too much 
if the minimum of conditional expression (7) is exceeded, **** of the image surface by the side 
of excess becomes remarkable. On the contrary, although it will become advantageous to an 
aberration amendment since the power of the 2nd lens group (Gr2) becomes weak too much if 
the upper limit of conditional expression (7) is exceeded, increase of an overall length will be 
caused. 

[0043] It is desirable to satisfy the following conditional expression (8). 

1<imgxR<20 — (8) however the img:maximum image quantity, and R : most — the effective 

diameter (diameter) of the field by the side of an image — it comes out 
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[0044] Conditional expression (8) has specified the condition range for mainly keeping suitable 
conditions peculiar to the size of optical system, aberration, and a video camera. The micro lens 
for generally raising condensing nature to the solid state image pickup device (for example, CCD) 
used for a video camera is prepared in the front face of each photo detector. In order to fully 
demonstrate the property of a micro lens, it is necessary to carry out incidence of the flux of 
light to abbreviation parallel (abbreviation perpendicular [ as opposed to / the light-receiving side 
of each photo detector / That is, ]) to the optical axis of a micro lens. For that purpose, it is 
required that photography optical system should be a tele cent rucksack at an image side. If the 
upper limit of conditional expression (8) is exceeded, while it will become more than required that 
it is an abbreviation tele cent rucksack and negative distortion aberration will become large, **** 
by the side of the undershirt of the image surface becomes remarkable. On the contrary, if the 
minimum of conditional expression (8) is exceeded, it becomes difficult to satisfy that it is an 
abbreviation tele cent rucksack, and though it is satisfied, since a back focus becomes longer 
than required, enlargement of the optical system itself will be caused. 

[0045] In addition, although each lens group which constitutes the gestalt of the 1st - the 6th 
operation consists of only refracted type lenses (lens of the type with which a deviation is 
performed by the interface of the media which are got blocked and have a different refractive 
index) which deflect an incident ray by refraction, it is not restricted to this. For example, each 
lens group may consist of a diffracted type lens which deflects an incident ray by diffraction, a 
refraction / diffraction hybrid type lens which deflects an incident ray in the combination of a 
diffraction operation and a refraction operation, a gradient index lens which deflects an incident 
ray by the refractive-index distribution in a medium. 
[0046] 

[Example] Hereafter, construction data, an aberration view, etc. are mentioned and the 
composition of the zoom lens which carried out this invention is explained still more concretely. 
In addition, the next examples 1-6 are equivalent to the gestalt of the 1st - the 6th operation 
mentioned above, respectively, and the lens block diagram ( drawin g 1 - drawing 6 ) showing the 
gestalt of the 1st - the 6th operation shows the lens composition of the corresponding examples 
1 -6, respectively. 

[0047] In the construction data of each example, ri (i= 1, 2 and 3, ...) is counted from a body side. 
The radius of curvature of the i-th field, di (i= 1, 2 and 3, ...) is counted from a body side, shows 
the i-th axial upper surface interval, counts nickel (i= 1, 2 and 3, ...) and nui (i= 1, 2 and 3, ...) 
from a body side, and shows the refractive index (Nd) and the Abbe number (nud) to d line of the 
i-th optical element. Moreover, the axial upper surface interval which changes in zooming is an 
adjustable air interval in a wide angle edge (short focal distance edge) [W] middle (middle focal 
distance state) [M] - a tele edge (long focal distance edge) [T] among construction data. The 
focal distance f and the f number FNO of the whole system corresponding to each focal distance 
state [W], [Ml and [T] are shown collectively. 

[0048] It shall be shown that the field where * mark was given to radius of curvature ri is a field 
which consisted of the aspheric surfaces, and it shall define as the formula (AS) of the following 
showing the field configuration of the aspheric surface. The aspheric surface data of each 
aspheric surface are combined with other data, and are shown, and a conditional-expression 
correspondence value is shown in Table 1 . 

X(H) =(C-H2)/{1+root (1-C2, H2)} + (A4, H4+A6, H6+A8, H8+A10 and H10+A12, H12) (AS) —AS 
Correct, the variation rate of the direction of an optical axis in the inside of a formula (AS), and 
the position of X(H):height H — an amount (plane peak point criteria) and H : an optical axis — 
receiving — the height of a perpendicular direction, and C : Paraxial curvature and Ai : the i-th 
aspheric surface coefficient — it comes out 

[0049] Drawin g 7 - drawi ng 12 are the aberration views corresponding to an example 1 - an 
example 6, respectively, and [W] shows many aberration [ in / a tele edge / a wide angle edge 
and [M], and / in [T] ] (to the order from the left, they are astigmatism, such as spherical 
aberration, and distortion aberration) (the Y'imaximum image quantity). / middle Moreover, among 
each aberration view, aberration [ as opposed to d line in a solid line (d) ], aberration [ as 
opposed to g line in an alternate long and short dash line (g) ], aberration [ as opposed to c line 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejje 



2002/10/28 



7/13 ^— is 



in a two-dot chain line (c) ], and the dashed line (SC) express sine condition, and astigmatism 
and a solid line (DS) express the astigmatism over d line in a sagittal side. [ as opposed to d line 
in a meridional side in a dashed line (DM) ] 
[0050] 

f =8. 24~13. 02~20. 58, FN0=3. 90~4. 60~5. 77 
rl= 42.348 

dl= 2.351 Nl=l. 75450 1/1= 51.57 

r2= -65.454 

d2= 0.200 

r3= 127.984 

d3= 1.000 N2=l. 78831 v 2= 47.32 

r4= 6.406 

d4= 2.756 

r5= -26.940 

d5= 1.082 N3=l. 48749 v3= 70.44 

r6= 258.614 

d6= 0.200 

r7= 9.913 

d7= 1.977 N4=l. 84666 V 4= 23.82 

r8= 14.477 

d8= 18.351~9.204~3.411 

r9= oo(SP) 

d9= 1.500 

rl0= 6.737 

dl0= 3.150 N5=l. 48749 v 5= 70.44 

rll= -84.544 

dll= 2.170 

rl2*=-39.380 

dl2= 2.020 N6=l. 84506 v 6= 23.66 

rl3*= 34.078 

dl3= 1.060 

rl4= 63.053 

dl4= 2.200 N7=l. 51823 v7= 58.96 

rl5= -15.366 

dl5= 3.190~8.155~16.010 

rl6= ob 

dl6= 3.480 N8=l. 51680 v 8= 64.20 

rl7= oo 

[0051] [Aspheric surface data of 12th page (r12)] epsilon= 1.0000A4=-0.61201x10-3A6= 
0.59746x1 0-5A8=-0.24463x1 0-6A1 0=-0.493 1 8x1 0-9A1 2=-0.88892x1 0-1 2[0052] [Aspheric 
surface data of 13th page (r13)] epsilon= 1.0000A4=-0.48791x10-4A6= 0.1 6377x1 0-4A8= 
0.10555x10-6A10=0.39502x10-10A12=-0.49995x10-12[0053] 
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f =7. 72-12. 60—20. 58, PN0=3. 70-4. 50-5. 77 
rl= 61.495 

dl= 2.264 Ml=l. 75450 vl= 51.57 

r2= -57.901 

<J2= 0.200 

r3= 82.677 

d3= 1.000 N2=l. 78831 v 2= 47.32 

r4= 6.107 

d4= 2.854 

r5= -29.879 

d5= 1.000 N3=l. 48749 v 3= 70.44 

r6= 51.210 

d6= 0.200 

r7= 10.130 

d7= 2.058 N4=l. 84666 v 4= 23.82 

r8= 16.993 

d8= 18. 531-9. 145-3. 386 

r9= oo(SP) 

d9= 1.500 

rlO= 7.006 

dl0= 2.941 N5=l. 48749 v 5= 70.44 

rll= -27.376 

dll= 1.318 

rl2»= 62.883 

dl2= 1.923 N6=l. 84506 v 6= 23.66 

rl3*= 13.427 

dl3= 2.997 

rl4= 242.470 

dl4= 1.764 N7=l. 51823 v7= 58.96 

rl5= -16.297 

dl5= 3.000—8.541—17.605 

rl6= oo 

dl6= 3.480 N8=l. 51680 v 8= 64.20 

rl7= oo 

[0054] [Aspheric surface data of 12th page (r12)] epsilon= 1.0000A4=-0.58746x10-3A6= 
0.1 6863x1 0-5A8=-0.31 408x1 0-6A10= 0.37284x1 0-7 A12=-0.23694x10-8[0055] [Aspheric surface 
data of 13th page (r13)] epsilon= 1.0000A4=-0.10910x10-3A6= 0.1 3363x1 0-4A8= 0.42174x10- 
7A10=-0.1 2506x1 0-7A1 2= 0.1 6770x1 0-8[0056] «example 3» 
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f =8. 24—13. 02—20. 58. FN0=3. 95—4. 65—5. 77 

mm^rn] m±smm mmm \.7v<m 

rl= -114.361 

dl= 2.045 Nl=l. 78100 vl=44.55 

r2= -29.531 

d2= 0.426 

r3= -648.092 

d3= 1. 000 N2=l. 78100 v 2= 44. 55 

r4= 6.661 

d4= 3.041 

r5= 8.253 

d5= 2.081 N3=l. 79850 v 3= 22.60 

r6= 10.599 

d6= 19. 325—9. 638-3. 504 

r7= oo(SP) 

d7= 1.500 

r8= 6.737 

d8= 3.150 N4=l. 48749 v4= 70.44 

r9= -84.544 

d9= 2.170 

rl0*=-55.975 

dl0= 2.020 N5=l. 84506 v 5= 23.66 

rll*= 26.163 

dll= 1.060 

rl2= 63.053 

dl2= 2.200 N6=l. 51823 v 6= 58.96 

rl3= -15.366 

dl3= 3. 013—7. 743—15. 222 

rl4= oo 

dl4= 3.480 N7=l. 51680 v 7= 64.20 

rl5= oo 

[0057] [Aspheric surface data of 10th page (r10)] epsilon= 1 .0000A4=-0.7 1098x1 0-3A6= 
0.1 7639x1 0-6A8= 0.84557x10-6A10=-0.28993x10-9A1 2=-0.79492x10-8[0058] [Aspheric surface 
data of 11th page (r11)] epsilon= 1.0000A4=-0.19528x10-3A6= 0.231 30x1 0-4A8=-0.59546x 10- 
7A1 0=-0.6061 8x1 0-8A1 2=-0.35085x1 0-8[0059] 
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f =8. 24~13. 02~20. 58, FN0=3. 95~4. 65~5. 77 

[HLhSTnin mmm [yy^m 

rl= -107. 105 

dl= 2.046 Nl=l. 78100 vl= 44.55 

r2= -28.961 

«J2= 0.200 

r3= -653. 168 

<J3= 1.000 N2=l. 78100 v 2= 44.55 

r4= 6. 862 

d4= 3.189 

r5= 8.543 

d5= 2.093 N3=l. 79850 v 3= 22.60 

r6= 11. 021 

d6= 20. 185~9. 966~3. 495 

r7= oo(SP) 

d7= 1.500 

r8= 6.536 

d8= 2.894 N4=l. 48749 v4= 70.44 

r9= -177.629 

d9= 2.253 
rl0*=-172.259 

dl0= 1.500 N5=l. 84506 v 5= 23.66 

rll*= 19.775 

dll= 1.827 

rl2= 39.239 

dl2= 1.862 N6=l. 51823 v 6= 58.96 

rl3= -18. 668 

dl3= 3. 000~7. 626—14. 941 

rl4= oo 

dl4= 3.480 N7=l. 51680 v7= 64.20 

rl5= oo 

[0060] [Aspheric surface data of 10th page (r10)] epsilon= 1 .00OOA4=-O.73963x1O-3A6=- 
0.1 3926x1 0-5A8= 0.64428x10-6A10=-0.29946x10-7A12=-0.20662x10-8[0061] [Aspheric surface 
data of 11th page (r11)] epsilon= 1.0000A4=-0.18713x10-3A6= 0.20435x1 0-4A8=-0.29725x1 0- 
6A10= 0.47647x1 0-7A12=-0.361 47x1 0-8[0062] «example 5» 
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f=7.2ri2.18~20.58,FNO=3.30~4.20~5.77 



rl= 45. 228 

dl= 2.284 Nl=l. 75450 vl= 51.57 

r2= -86.518 

d2= 0.200 

r3= 77.495 

d3= 1.000 N2=l. 83400 v2= 37.05 

r4= 6.369 

d4= 2.813 

r5= -26.185 

d5= 1.000 N3=l. 69100 v 3= 54.75 

r6= 27. 593 

d6= 0.488 

r7= 13.377 

d7= 2.339 N4=l. 79850 v 4= 22.60 

r8= 471.427 

d8= 18. 183~8. 747—3.159 

r9= oo(SP) 

d9= 1.500 

rlO= 6.539 

dl0= 3.144 N5=l. 60311 v 5= 60.74 

rll= -50.182 

dll= 1.240 

rl2*= 58.131 

dl2= 2.500 N6=l. 84506 v 6= 23.66 

rl3*= 8.071 

dl3= 0.923 

rl4= 18.741 

dl4= 1.808 N7=l. 48749 v7= 70.44 

rl5= -41.403 

dl5= 5.597~11.182~20.621 

rl6= -46.450 

dl6= 2.500 N8=l. 84666 V 8= 23.82 

rl7= -23. 885 

dl7= 1.000 

rl8= co 

dl8= 3.480 N9=l. 51680 v 9= 64.20 

rl9= a> 



[0063] [Aspheric surface data of 12th page (r12)] epsilon= 1.0000A4=-0.84595x10-3A6=- 
0.93627x1 0-5 A8= 0.20290x1 0-6A 10= 0.95205x1 0-7A12=-0.77924x10-8[0064] [Aspheric surface 
data of 13th page (r13)] epsilon= 1.0000A4=-0. 14558x1 0-3 A6= 0.62395x1 0-5A8= 0.21508x10- 
5A10= 0.14191x10-6A12=-0.19090x10-7[0065] «example 6» 
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f=8.24~13.02~20.58.FNO=3.50~4.40~5.77 



mm*m m±mmm mum iry«m 

1= -104.768 

dl= 1.910 Nl=l. 75450 vl= 51.57 
2= -34.627 

d2= 0.330 
3= -249.560 

d3= 1.000 N2=l. 77250 v 2= 49.77 
4= 8.346 

d4= 3.901 
5= 10.278 

d5= 2.009 N3=l. 79850 v 3= 22.60 

6= 13.894 

d6= 18.383—9.226-3.428 

7= oo(SP) 

d7= 1.500 
8= 6.364 

d8= 3.666 N4=l. 58913 v 4= 61.11 
9= -34.481 

d9= 0.372 
10*= 22.684 

dl0= 2.500 N5=l. 84506 V 5= 23.66 
11*= 6.630 

dll= 1.500 
12= 16.892 

dl2= 2.000 N6=l. 85000 v 6= 40.04 
13= 20.321 

dl3= 3.950~8.749~16.337 
14= 592.385 

dl4= 2.500 N7=l. 75450 v7= 51.57 

15= -20.088 

dl5= 1.000 
16= oo 

dl6= 3.480 N8=l. 51680 v 8= 64.20 
17= oo 



[0066] [Aspheric surface data of 10th page (r10)] epsilon= 1 .0000A4=-0.74706x10-3A6=- 

0.1 5529x1 0-4A8= 0.29404x10-6A10= 0.83231 x10-7A12=-0.761 75x1 0-8[0067] [Aspheric surface 

data of 11th page (r11)] epsilon= 1.0000A4=-0.76105x10-4A6=-0.23448x10-5A8= 0.35961x10- 

5A1 0= 0.1 9380x1 0-7A1 2=-0.1 571 7x1 0-7[0068] 

[Table 1] 
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3 
m 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


m 


IKF/Fll 


IFW/FFI 


IFR/FNI 


FI/FC 


(rlA+rlB) 
/(r 1 A-rlB) 


IFF/FP! 


TR/FK 


l(3g X R 


i 


0. 41 


0. 59 


0. 68 




-0. 21 


0. 45 


1 ?Q 

1 . CD 


1 1 9 

11.6 


2 


0. 32 


0.60 


0.71 


... 


0.03 


0. 49 


1. 42 


11. 4 


3 


0. 29 


0.56 


0. 70 




1. 70 


0, 44 


1. 29 


12. 4 


4 


0. 31 


0.54 


0. 71 




1. 74 


0. 44 


1. 25 


12. 2 


5 


0. 34 


0.54 


0. 78 


0. 13 


-0. 31 


0. 78 


1.33 


17. 1 


6 


0. 28 


0. 43 


1. 20 


0.32 


1. 99 


0. 48 


1.22 


18.5 



[0069] 

[Effect of the Invention] A miniaturization and low-cost-izing of a zoom lens can be attained 
holding a high performance, since the 1 st and the 2nd lens group have suitable lens composition 
in the zoom lens which starts in negative and a positive one according to this invention as 
explained above. And if this invention is applied to the zoom lens of a digital camera, it can 
contribute to miniaturization of a digital camera, low-cost-izing, and highly efficient-ization. 



[Translation done.] 
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&i1-5X-AuvX„ 

[«*£2] SI^«T^##^(l)?r^i-5,ii:^ 
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FF : m 1 UVX^O^Sggf . 
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IEUVX\ ^U^X^tfjEl^X^i^Sr i£r#gfci: 
-T5it*^ 1 IE«<OX-A U>X„ 

£ £4f ii: i ia*c<£>x-A i^>x„ 

[IS*^ 5 ] itfrlBSI 1 ^ vXgMSifcffi ^ >X(D^fr h 

0. 2< I FW/FF I <0.8 •••(2) 
tctz.V, 

FW : fcfiffiX'<0±m<DM&tiEM, 
FF : ^ 1 U>-XH<D^Sg«i, 

-rzm&m i ie«ox- a u >-x 0 

[W#gt8] Mld£>I.T^#^(3)SrWai-?.r ££• 
#mi:i-2)|»*3S7i2«©X-AWvX ; 
0.5< I FR/FN I <1.5 -(3) 

FR : fH 2 UVX^(D^Eg«|, 

FN : 12 UVXS£*©^>XO«u£E&lft 

[If 9 ] iWIEfll 1 1^ ^XP25.i>*HtIIBm 2 U yX|f 

mxm i ib«<dx-a u >x„ 
[«*9io] Btri5^2 u^xsio^ftiji^ jEo^'y 
- 5r*-T 5 J& 3 w vX|¥ £ M fcfll x. 3 i¥X- A u >X 
T-fc5 C t Sr!}$mi:-t-5»*« 1 fElS^X-A w >X„ 
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0.01<FW/FC<0.61 -(4) 



FW : j£A«T-(D±*(D^^E6g|, 
FC : f3 U>XHcD^,6Sg«£, 

[^WfiMffi&t&ejl] 
[000 1] 

[5§SSOJl-t-£8tf&#in *^P^ttX-AU^X^i8-t- 
[0 0 0 2] 

T*3!9, Si^^K'fcxfc 19— ^»=>^ VW^frmW. 

Mlci*fU #Hfl¥l 0-2 8 2 4 1 6^#^(C|B*$ 
HTV^J; CCD(Charge Coupled 

Device) Sr^-f 5*-/ 7 tiffi V>5 fcfc(DX — A U i^X/i s 

[0 0 0 3] 

#{-IE<g^HTV^X-Al/^X-Ctt, SSI W^XS^I- 
^^#^^®^vX^ ; ffiv^e,i^T^^S/c^6, git 

[0 0 0 4] ^gignrar <d± 5^&K^Tft$*tfc 

fccDT'fcoT, KttBBTvhM-^-lffi^X-Al/VX^a 
[0 0 0 5] 

[^)@^^i-Sfc*<0^©] _hfEIffj£jt/&1-5fc 
K?l<D3SSI§tf>X-AU-vXte, WfciM^lfiJ;^ A 

$g2l^Xpi. Sr'>^< t tH^, mlE^ll-^Xil 

fTjX-Al/VXf&ot, Mffi^l W>X«fii5*t^ 
#:fti|(cjE U- ^XSr^ U WISB 2 W vXi¥j)5 3 fc<o u y 

[0 0 0 6] M2W^W©X-Al/^Xii, ±ia»l(D 

O.K I FF/F1 I <0.6 -(1) 
FF -.mi U^X^cO^Eggt, 

fi : mi \s^xm*mh®ftm<DjEu^x<DM&mm. 
[o 0 0 7] sis^Kox-A^^xtt, ±mmi<z> 
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[0 0 0 8] SM<£>3&f!<DX-AU>-Xl4, ±iBf? 1 <D 
JiUc, jEu^X, ^uyX, ^uyXSUMEi^Xa^ 
[0 0 0 9] ^5C0^W«0X-AU^XI4, ±13fg 1» 

[0 0 10] f 6 0^i©X-Al/>Xtt, ±|E^ 1 <0 

0.2< I FW/FF I <0. 8 - (2) 

FW : iSASgT'CD^^W^SgBf. 
FF : $g 1 U vX^OT^SggiL 

[ 0 0 l l ] m 7 ©BSoX-a u >-Xfi, ±!e$K l <n> 
ieu>X, Ai^>-XS^jEu>-X^e>fig;Sr fc£ 
[0 0 12] ^8cD^BJ(DX— Al/yXll, _t!Efg 7 <D 

0. 5< I FR/FN I <1. 5 — (3) 

FR:^2 U-VX^tO^Sggf, 

FN : M2 U>Xf¥*<OAUVXcD;gt6S§JtL 

[0 0 13] |9©S5fl<OX-Al/yXlt ±fEf£l<Z> 

ss^*/^;:*^-!:, s5ie®i \/>-xm%.umm?is2 u 

[0014] 110 <D&W<OX- A. U- ^Xte, JbfSlfl 1 

[0015] m 1 1 Ofgf^wX- a w yXB, JbfefR 1 
Oro^Ofll^ioV^ It«T©*M(4)?:lS 

0.01<FW/FC<0.61 -(4) 

FW : JE:fc«Tro£^0«,&Sg|8£ x 

XhZ. 
[0 0 16] 

iftwcommnrnmi kt, #38W£i«6Lfcx-Au- 

VX£, ia®Sr#MLooia^-t-5. 01~06«, Iff 

i ~^ 6 <w$m.<Dten<D7:—j* uyxic-tH-eH^-r 



vXl¥(Gri)W#l!)^-?:ti.^4x^e<j^^LTVN^ 0 * 
tz. ^UV^m^m^, ri(i=l,2.3,... 

fcp5li#^ffiT-fcS. di(i=l,2,3,... )/JSf+^4xfctt± 

[0 0 17] «-Hifeo^«i^Ht> > fefMMa>&Jff 
IC, ^©/<!7-4:tt5«l U-^Xi* (Gr 1) i:, IE 
0^'!7-^W-t-S^2 UVX|^(Gr2)t. t fc 

«X., $51 U^XH(Grl)i^2 UyXH(Gr2)i:©P B 1Pi 

dilLfcX-AU^XT-feS,, SB 1 ~|g 4 <OH;6£ 

©JBffitt, 1 ^>-X?i(Grl).RO*|g2 U-yX|£(Gr2)<D 
2l¥X-AU^XT-fct), »5, ft6 0£2fe 
©^ffitt. KI2 UVXSKGr2)<D^iJfc, jE<©/«!7 — & 
3 \s>-XmGr3)$:-g.izffix.tc 3»X-A U->- 

«(Grl)tJ(S2 WVX#(Gr2)fc©|l|JfcH:, f2yyX|f 
(Gr2) t *i^X- jgj •} (SP) ^|H« $ *vr*5 

[0018] CKI 1 ©*«SO*t8(H 1 . 

yyxt, MDflco^wvxi:, 

^yyXt, T-«/&£*VCV>5. ^2l/>Xg¥(Gr2) 
tt, j^tliWjEuvXt » SB!l©Ai/yX(Si5*s#Sl) 

[0 0 19] CI2OHi©^(02, jEAAjE-jE 

(Grl)te % mehOjEU-yXk, &1S)nzW<DM* 
yyXi, iiHo^i/yXi:, 4&#Wc:i£b<zXiE^ -*X; 
*W>-Xt, T-^^^TVn^o ^2l^^Xaf(Gr2) 

maftjEui/xt* ^{iijfwDfl^^-xxjxuvx 

(WSB^**®)^. ifii©jEl/yXt, T«^$ttTVN 

[00 2 0] 0B3, l4^Ji<Df®(0 3, 134 ; 
IEAlE-EAiE)» »3, *4 0HJfiO»«tej3VNr, 

5„ JBl V^X»(Crl)», ^(i!{w(£b©jE^-^X»^U 
yXfc, r^Dfl^ftu-vXi:, ®)#m\z.£ 1 <?>jE? 1 x 
l">Xi, T«fiR**iTV^5. »2 U>XP(Gr2)«, 
WaoDjE^^Xi:, j^Da^uyX(MS^^ffi) h 

[002 1] OB5©3fe>i©«IB(H5, jEAAjE-jE 
AE-IE)» ^5<OHJ|co^»c3oVNT, #U>X^« 



(4) 
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X^(Grl)«, Wieh<DJE\s>Xb, &W\ZW<r>A/ 
jj^U^Xb. TOQcDAuvXi:, ty)WW\z{h<DlE*=- 
*%*V>Xb, T*«/&£*V0^ 0 I2uyXp(Gr 

xmmmmmt, manjEu^xb. xmi$.£thx 

[0 0 2 2] «Sg6CDSfe&fc(Dl5ji.(H16, jEAIE-jEA 
I-:E)>> SiierolliS^MK&^T, =S-U^XiStt:% 

^SttTV^S. |j?2 UVXf£(Gr2)te v Mi&OiEU^X 
i: , &Wc[H](£>;ft - # l^X( M t , 

5. Sg3 U>Xg¥(Gr3)tt, PO»IEU VXT-#NS£*L 

[0 0 2 3] ±|BOi 5t-V^^<©^cD^«|t, mi 
U ^Xp(Grl) 755ft t-^ftiJf-iE ^ >X4r* Ltfc 9 , 
Sg2 WVXp(Gr2)7)S3ft<^VX;^<b/&oTV^<, r 

XH(Grl) i , IE©^!7-^*i-5^2 !/>-Xi|(Gr2) 

>X|^(Grl)<Dft t^#:iR«c:iEU vXSrKSi-5. C t \Z 

^tl'i 1 ?, ^1 W>-X»(Grl)(Dft^^«IJ^^® 
«SRrttt*5fc*» *1 (Gr 1) W^ttlg 

[0 0 2 4] Ifcfc, £ fbJC|!2 V>"Xgi (G r 2) £3 
titowyXfMtSrtia^ g! 2 W >X$KGr2) 

»1 l^XS¥(GrM^O/*!7 — £*1".5X-Ai^ 

*£=L~y KD=>x VlcW^)T-fe5 0 ^LT, fg2 

U ^X^(Gr2) 5r jEAEW 3 ft<D W yXfMti i t 
irj:^, £X-A^(;:fcfcoT#AJK^<z>^t£r/h$< 

5±T-tt, ^2 U>XH(Gr2)^OAW>XtC#^ffiS: 
18: ft 5 r k&m-£V\,\ 

[0 0 2 5] fgl l^>-Xaf(Grl)Sri^#:W^JlllriEA 
iE0 3fe<ou->-X-c*«fiSi-t-?>r biz XV, 3i&W.mb=> 

z) 5 r*#5o $kf^ mi ^^^mcri) irmwm^hm 

irEAA!E<D4&<auvXT'«/&-t-5;r tldi 9, ]EA 
IE0 3tfc«^(D^i tj Mlc^»»d^fliRMi:3-v 



U 4&ffil$,<Djj7!>^f£, l^X&^|*ifftQ-t-5<DT\ 
H 1 U>Xi¥(Grl)^1S^i: LT, 3, 4##|^(^-r 

tizmm-rzfrte. it¥m\cm*£tixi<^&mmm 

[0 0 2 6] 111 U>Xp(Grl)£3$®^>X<Z>;^T*#f 
^rtiao, ^S^Xfcfflv^T^Sft^i: 
JfctSfLT:*:*!^* h?V>i>^mbt£Z>. |Rl 
1/ VXgf (Grl) tffi<Ds< V - X-.A lx >-X^ |C 

^SU^XT-ft, hTj/^iSftSr t* s T- 

bL,X<Dmm&<aMX7Fffi1>i±%\,\ Ifci^T, mi 
v ^X?¥(Grl) fcSSffi yXo*T?*)8t & z\ bizi. 

[0 0 2 7] X— A y-XSr^iE© 2 fig^X— Aif5 

X-AUvX?rAjEiE<D3^X— Atf5: t 

A:s©2j«#x-A©#<&£jtttLT\ if?» 

[0 0 2 8] <(M* UV^m) Jfcfc, **Mi©»18oX 

-Au-vx*sffisi-^#^#s:^tftPji-5„ =&n 

[0 0 2 9] «T£0^#S(l)S:«St5 r b ^S* L 

0. 1< I FF/F1 I <0.6 - (l) 
fettle 

FF -.mi UyX»(Grl)<D^AffiW, 

Fl : «fl U-^X»(Grl)«fftt^#«l<OIEU^X©^ 

Egffll, 

[0 0 3 0] ±»c^ftiRMi:3-vitx||t 
[0 0 3 1] HTO^ftS(2) ZffifZ-t- 5 it«5Ut 



(5) 



#B8 2 000-2755 



0.2< I FW/FF I <0.8 -(2) 

FW : &-tkMlVr]-V<0£X<OMj&!m* 
FF : fH 1 U vXS*(Grl)©«U??JggL 

[0 0 3 2] Afl=5S;(2)Ht, «SS*|jEX0t*¥*O** 

(2)©TPS£rj@x.5 fc, JB1 u>X»(Grl)©^l7-*sa 

(2)©JLPg£i@;L£> t, JRl U>XP(Grl)©^!7-#S£ 

[0 0 3 3] «TO*M(3)^lSt5rH!l^L 
v\ 

0.5< I FR/FN I <1.5 - (3) 

FR : m 2 U VX«(Gr2)0>*(lj<Kffi«, 

FN : SB 2 uvXttttrtWoAuvXraftAEJB. 
[0 0 3 4] *#3*;(3)Ht, ^tea-vftlStr^?^* 

Wi*#****<fc3. JBfc, -£#5S;(3)©_tPS£rjS;i5 

[0035] aTco*^(4)^^s-rsr fc*«a*u 

v\, 

0.01<FW/FC<0.61 ••• (4) 
Ittz. U 

FW : iK^Ua[W]-C©^*©J«A*e«, 
FC : 13 V>X#(Gr3)©*K;(«g|*, 

[0 0 3 6] &#5£(4)tt. JRI6«jE»at*^*«>** 

(4)©TRfcifi*.*i:, SB3 U-vX»(Gr3)C0/-«l7-^§S 

*g*Rlftjjffig©ii:*:3rav^lg?. igtc, affisS 
(4)©_tPi&i@X.5i, SS3 WVX#(Gr3)©^!7— 

[0 0 3 7] «TO*«=iC(5)Sr»fii-5ri:*sffl*b 
v\ 

-0. 6< (rlA+rlB)/(rlA-rlB)<2. 0 -(5) 

fcrtfU 

rlA : IB 1 H^X*(Grl)«f *t>»ff«©3EU^X©ft{*: 

{H®©i&^¥&> 

rIB : JBl UVXH(Grl)^ftt.^#ffilJ©EU^X©ife{llJ 



T'fc5„ 

[0 0 3 8] *#it(5)tt, il-^ftJRMt a-^iRfgfc 

*#3:(5)©JLPg£;g;i5 fc, =J^JR**s«{fcu 

[0 0 3 9] «TO^(6)S:lSt5ri:i55i$L 
V\ 

0.2< I FF/FP I <1.0 - (6) 

FF : IB 1 U VX#(Grl)©*L6ffilB. 

FP : ^1 UVXff(Grl)f ftfcjfcflOjEUVXattAB 

St. 

[0 0 4 0] &ff=5$(6)M:, ^Ka^iR^Sr^^VXS 
*5fc»©*fl=*5HSr«)eurvN5. &#5£(6)©TPfi 
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5. iSfc» *#5£(6)©Jbpg£-j&x.5 

5. 

[0 0 4 1] «T©*M(7)^ISt5r fc*sS*L 
V\ 

0.5<TR/FW<2. 0 —(7) 

TR : IB 2 UVX#(Gr2)©*t>*#«ffi*»5,»fc<ft«ffi 

FW : j£fttt[W]-?0£3|l«>4kAm % 

[0 0 4 2] &#S;(7)tt:, iRMMiE2fctfft^©:*:# 
$Srii«»^i«ofc«)©^#©HS:^UTV>-5. *fl=5<t 
(7)©TPS£ig;i3 fc, 12 u^X»(Gr2)0V<!7 — 

JhPSSriSx-S IB 2 U-vX8¥(Gr2)©^»7— *S|S<fc 

[0 0 4 3] #T©*#5«8)&»JS-*-5£ fc**a* L 
V\ 

Kimg XR<2 0 —(8) 

fettle 
img : 

R : *fcft«OBift>*aM£(ift&), 
[0 0 4 4] *#S«8)tt, ±fcjt^*©**Sat/iR 

(HHMlfdlx.liCCDjttt. -Jttfc*3ttt*±»f5 
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ft lit* Wgft® K# LTB&Snt) Alt £ * 5 & 

— m~v>®tv&mi,< *#a;(8)©TR«r 

[0 0 4 5] ftjfc, ^l~^6<DHiS^^Sr«^LT 
m^fc*T-A#tft^^iifS]^-tir5®tff • ^m^-i-yv 

[0 0 4 6] 

X(H) = (C-H2)/{l+^(l-C2-H2)} + 
•••(AS) 

fcrtfU 5t(AS)^ 

X(H) : JS5$H©tt«-CO*tt3Eri^©aeffi*(BBTH^* 

C : i&ttii*, 

Ai : i&<a#S*£4fflR, 

[0049] 07~iai2 ammrn i 6 k-^h 

^*tfWfci-3<Kflia-T?S>9, [W] [M]li5 K 

/K [T]ttS»*fc:fett58MX!S(;SiJ&»e>JHfc» SRffiiR 

c*fc*fi-5JRfl, fi6ilS(SC)«IE5£*#Sr*UT*3 

,&iRiS, M(ds )t*w?ji'mx'<Ddmczi-fz,#& 

[0 0 5 0] 



[0 0 4 7] £&1&m<n=i>z. h7^->3 >-x — ^»-*5 
^T, ri(i=l,2,3,...)l4*#«*»e>«c*.Ti#S«)B© 
mm*&, di(i=l,2,3... Jtt*<MW»e>«*.Ti#B© 
fft±ffiWISS-^LTfct). Ni(i=l,2,3,... ), v i(i=l,2, 

3,. . . )ii4to«icfli^ f.txTifio^iio d 

i-5JBW*(Nd),Ty'<*(vd)Sr*LTV^5. ifc, a 

( * mMUftmKlt) [M] ~ffliS^(g«,6Sg$!ffi) [T] T? 
<Z>*H*£*Mfirc*>5. *«j&E*#«[W] ,[M], [T] 
l-*tJ£i- 5 O jNtjUBKf .R F >vWN0 SrflMirT 

[0 0 4 8] ft^Sri»C*R]*s#$tvfcM«:, #S*M 

t)-fKT©S;(AS)T*ll*jh,5t>«>t-f*. €-#«ffi© 

4:* 1 K^-r. 

: • H<+A6 • H6+A8 • H«+A10 • HH+A12 • H»*) 
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f =8. 24-13. 02-20. 58, FN0=3. 90-4. 60-5. 77 

m±wmm wowo try^a 

rl= 42.348 

dl= 2.351 IQ=1. 75450 v 1=51.57 

r2= -65.454 

d2= 0.200 

r3= 127.984 

d3= 1.000 N2=l. 78831 v 2= 47.32 

r4= 6.406 

d4= 2.756 

r5= -26.940 

d5= 1.082 N3=l. 48749 v 3= 70.44 

r6= 258.614 

d6= 0.200 

r7= 9.913 

d7= 1.977 N4=l. 84666 v4= 23.82 

r8= 14.477 

d8= 18.351—9.204-3.411 

r9= oo(SP) 

d9= 1.500 

rlO= 6.737 

d!0= 3.150 N5=l. 48749 v 5= 70.44 

rll= -84. 544 

dll= 2.170 

rl2*=-39. 380 

dl2= 2. 020 N6=l. 84506 v 6= 23. 66 

rl3*= 34.078 

dl3= 1.060 

rl4= 63.053 

dl4= 2.200 N7=l. 51823 v 7= 58.96 

rl5= -15.366 

dl5= 3.190—8.155—16.010 

rl6= oo 

dl6= 3.480 N8=l. 51680 v 8= 64.20 

rl7= oo 

[0 0 5 1] [*1 2B5(rl2)<D**ffi9 ? -^] 

a = 1. 0000 
A4=-0. 61201 x 10-3 
A6= 0. 59746 X10" 5 
A8=-0. 24463 X10' 6 
A10=-0. 49318X10-9 
A12=-0. 88892 X10" 12 

[0 0 5 2] [fgl 3®(rl3)0#3$ffi^-*] 

€ = 1.0000 
A4=-0. 48791 X10- 4 
A6= 0. 16377 X10- 4 
A8= 0.10555X10-6 

A10= 0. 39502 X10" 10 
A12=-0. 49995 X10- 12 



[0 0 5 3] 

f =7. 72-12. 60-20. 58, FN0=3. 70-4. 50-5. 77 
rl= 61.495 

dl= 2.264 Nl=l. 75450 vl= 51.57 

r2= -57.901 

d2= 0.200 

r3= 82.677 

d3= 1.000 N2=l. 78831 v 2= 47.32 

r4= 6.107 

d4= 2.854 

r5= -29.879 

d5= 1.000 N3=l. 48749 v 3= 70.44 

r6= 51.210 

d6= 0.200 

r7= 10. 130 

d7= 2.058 N4=l. 84666 v 4= 23.82 

r8= 16.993 

d8= 18.531—9.145—3.386 

r9= oo(SP) 

d9= 1.500 

rl0= 7.006 

dl0= 2.941 N5=l. 48749 v 5= 70.44 

rll= -27.376 

dll= 1.318 

rl2*= 62. 883 

dl2= 1.923 N6=l. 84506 v 6= 23.66 

rl3*= 13.427 

dl3= 2.997 

rl4= 242.470 

dl4= 1.764 N7=l. 51823 v 7= 58.96 

rl5= -16. 297 

dl5= 3.000—8.541—17.605 

rl6= oo 

dl6= 3.480 N8=l. 51680 v 8= 64.20 

rl7= oo 

[0 0 5 4] [il2I(rl2)0^ffir-^] 

e = 1. 0000 
A4=-0. 58746 X10~ 3 
A6= 0. 16863 x 10" 5 
A8=-0. 31408 X10" 6 
A10= 0. 37284 X10" 7 
A12=-0. 23694X10-8 

[0 0 5 5] mi 3m(rl3)<D}mmy*-*] 

€= 1.0000 
A4=-0. 10910X10-3 

A6= 0.13363X10-4 
A8= 0. 42174 x 10~ 7 
A10=-0. 12506X10-7 



(8) 
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A12= 0. 16770 X10" 8 

[0056] mmm3)) 

f =8. 24-13. 02-20. 58, FN0=3. 95—4. 65—5. 77 

[tt±ffiWi§] UHfr*] LTy^m 

rl= -114.361 

dl= 2.045 N1=L 78100 v 1=44.55 

r2= -29.531 

d2= 0.426 

r3= -648.092 

d3= 1.000 N2=l. 78100 v 2= 44.55 

r4= 6.661 

d4= 3.041 

r5= 8. 253 

d5= 2.081 N3=l. 79850 v 3= 22.60 

r6= 10. 599 

d6= 19.325—9.638-3.504 

r7= oo(SP) 

67= 1. 500 

r8= 6.737 

d8= 3.150 N4=l. 48749 v 4= 70.44 

r9= -84.544 

d9= 2.170 

rl0*=-55.975 

dl0= 2.020 N5=l. 84506 v 5= 23.66 

rll*= 26.163 

dll= 1.060 

rl2= 63.053 

dl2= 2.200 N6=l. 51823 v 6= 58.96 

rl3= -15.366 

dl3= 3. 013—7. 743—15. 222 

rl4= oo 

dl4= 3.480 N7=l. 51680 v 7= 64.20 

rl5= oo 

[0 0 5 7] [flSl Officio)©***®?*-*] 

f = 1. 0000 
A4=-0. 71098X10" 3 
A6= 0. 17639 xlO" 6 
A8= 0. 84557 X10' 6 
A10=-0. 28993 X10~ 9 
A12=-0. 79492 x 1 0~ 8 

[0058] mi i muiDmmmr-*] 

e= 1.0000 
A4=-0. 19528X10' 3 
A6= 0. 23130 xiO' 4 
A8=-0. 59546 X10' 7 
A10=-0. 60618X10' 8 
A12=-0. 35085 X10" 8 

[0 0 5 9] 



f =8. 24-13. 02—20. 58, FN0=3. 95-4. 65-5. 77 

[«LbBTOfB] [JBJFr*] LTy^m 

rl= -107.105 

dl= 2.046 Nl=l. 78100 vl= 44.55 

r2= -28.961 

d2= 0.200 

r3= -653.168 

d3= 1.000 N2=l. 78100 v 2= 44.55 

r4= 6.862 

d4= 3.189 

r5= 8.543 

d5= 2.093 N3=l. 79850 v3= 22.60 

r6= 11.021 

d6= 20. 185—9. 966—3. 495 

r7= co(SP) 

d7= 1.500 

r8= 6.536 

d8= 2.894 N4=l. 48749 v4= 70.44 

r9= -177.629 

d9= 2.253 

rl0*=-172. 259 

dl0= 1.500 K5=l. 84506 v5= 23.66 

rll*= 19.775 

dll= 1.827 

rl2= 39.239 

dl2= 1.862 N6=l. 51823 v 6= 58.96 

rl3= -18.668 

dl3= 3. 000—7. 626—14. 941 

rl4= oo 

dl4= 3.480 N7=l. 51680 v7= 64.20 

rl5= oo 

[0 0 6 0] »10ffl(rlO)©#»BT-^] 

E = 1. 0000 
A4=-0. 73963X10-3 
A6=-0. 13926 X10~ 5 
A8= 0. 64428 X10" 6 
A10=-0. 29946X10-7 
A12=-0. 20662x10-8 

[0 0 6 1] [mil ®(rll)GD#M£®^-*] 

e = 1. 0000 
A4=-0. 18713X10-3 
A6= 0. 20435 X10- 4 
A8=-0. 29725 X10" 6 
A10= 0. 47647 X10- 7 
A12=-0. 36147 x 1 0~ 8 

[0062] mmm5)) 

f = 7 . 2 1 -12. 18-20. 58, FN0=3. 30-4. 20-5. 77 



(9) 



2000-275520 



[ft*¥&] nthgnan urnm [r^sa 

rl= 45.228 

dl= 2.284 Nl=l. 75450 v 1=51.57 

r2= -86.518 

<J2= 0.200 

r3= 77.495 

d3= 1.000 N2=l. 83400 v 2= 37.05 

r4= 6.369 

d4= 2.813 

r5= -26.185 

d5= 1.000 N3=l. 69100 v 3= 54.75 

r6= 27.593 

d6= 0.488 

r7= 13.377 

d7= 2.339 H4=l. 79850 v 4= 22.60 

r8= 471.427 

d8= 18.183-8.747-3.159 

r9= oo(SP) 

d9= 1.500 

rl0= 6.539 

dl0= 3.144 N5=L 60311 v 5= 60.74 

rll= -50.182 

dll= 1.240 

rl2*= 58.131 

dl2= 2. 500 N6=l. 84506 v 6= 23. 66 

rl3*= 8.071 

dl3= 0.923 

rl4= 18.741 

dl4= 1.808 N7=l. 48749 v7= 70.44 

rl5= -41.403 

dl5= 5.597—11.182-20.621 

rl6= -46.450 

dl6= 2.500 K8=l. 84666 v 8= 23.82 

rl7= -23.885 

dl7= 1.000 

rl8= oo 

dl8= 3.480 N9=l. 51680 v 9= 64.20 

rl9= oo 

[0 0 6 3] mi 2»(rl2)0#3*BT7 ? -i'] 
e = 1. 0000 
A4=-0. 84595X10- 3 
A6=-0. 93627 X10~ 5 
A8= 0. 20290 xlO" 6 
A10= 0. 95205 X10- 7 
A12=-0. 77924X10' 8 

[0 0 6 4] [JB1 3®(rl3)<^#^®x-^] 

e = 1. 0000 
A4=-0. 14558X10' 3 
A6= 0. 62395 X10- 5 
A8= 0. 21508 xlO" 5 



A10= 0. 14191 x 10- 6 
A12=-0. 19090 x 1 0" 7 

[0065] mmme)) 

f = 8 . 2 4 -13. 02-20. 58, FN0=3. 50-4. 40-5. 77 

mm*m ntamm urnm vrwn 

rl= -104.768 

dl= 1.910 Nl=l. 75450 vl= 51.57 

r2= -34.627 

d2= 0.330 

r3= -249.560 

d3= 1.000 N2=l. 77250 v 2= 49.77 

r4= 8.346 

d4= 3.901 

r5= 10.278 

d5= 2.009 N3=l. 79850 v 3= 22.60 

r6= 13.894 

d6= 18.383-9.226—3.428 

r7= oo(SP) 

d7= 1.500 

r8= 6.364 

d8= 3.666 N4=L 58913 v 4= 61.11 

r9= -34.481 

d9= 0.372 

rl0*= 22.684 

dl0= 2.500 N5=l. 84506 v 5= 23.66 

rll*= 6.630 

dll= 1.500 

rl2= 16.892 

dl2= 2.000 N6=l. 85000 v 6= 40.04 

rl3= 20.321 

dl3= 3.950—8.749—16.337 

rl4= 592.385 

dl4= 2. 500 N7=l. 75450 v 7= 51. 57 

rl5= -20.088 

dl5= 1.000 

rl6= oo 

dl6= 3.480 N8=l. 51680 v 8= 64.20 

rl7= oo 

[0 0 6 6] WlOEdlO)©*^-*] 

e = 1. 0000 
A4=-0. 74706X10" 3 
A6=-0. 15529 XlO" 4 
A8= 0. 29404 XlO" 6 
A10= 0.83231X10" 7 
A12=-0. 76175X10- 8 

[0 0 6 7] [f llS(rll)O^Sr-^] 

£ = 1. 0000 
A4=-0. 76105 XlO" 4 
A6=-0. 23448X10-5 
A8= 0.35961X10" 5 



ftm 2 000-275520 



A10- 0.19380x10-7 
A12=-0. 15717 x 1 0" 7 
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